The relation between small airways disease and parenchymal destruction was investigated in lungs and lobes removed at surgery from 27 patients aged 15-70 years. Eight of the 27 patients were lifelong non-smokers. diameter. Multiple regression analyses showed that the correlation of total AA/ mm with the SAD score of membranous and respiratory bronchioles and with wall thickness were not confounded by age or smoking. It is concluded that small airways disease is related to destruction of peribronchiolar alveoli, and it is postulated that small airways disease has a direct role in the causation of centrilobular emphysema.
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Abstract
The relation between small airways disease and parenchymal destruction was investigated in lungs and lobes removed at surgery from 27 patients aged years. Eight of the 27 patients were lifelong non-smokers. The degree of small airways disease was assessed by semiquantitative grading (SAD score) and by measuring diameter and wall thickness of membranous bronchioles. Parenchymal destruction was measured in three ways. Firstly, the number of alveolar attachments on membranous bronchioles per millimetre of circumference (AA/mm) was counted; the number of broken attachments was subtracted from the total AAImm to give the numbers of intact attachments (normal AA/mm). Secondly, a point counting technique was used to give a destructive index (DI). Thirdly, the mean linear intercept (Lm) was determined. Total and normal AA/ mm correlated negatively with the SAD score of membranous bronchioles (r5 = -0-48 and -0 51) and with wall thickness (rs = -0 37 and -0 45) and DI correlated with wall thickness (r, = 0-5) and with the SAD score of respiratory bronchioles (rs = 0-53). Lm did not correlate with indices of small airway disease and total and normal AA/mm did not correlate with diameter. Multiple regression analyses showed that the correlation of total AA/ mm with the SAD score of membranous and respiratory bronchioles and with wall thickness were not confounded by age or smoking. It is concluded that small airways disease is related to destruction of peribronchiolar alveoli, and it is postulated that small airways disease has a direct role in the causation of centrilobular emphysema.
Small airways disease and pulmonary emphysema are two diseases that occur in the distal parts of the human lung and are linked aetiologically to cigarette smoking. Small airways disease, recognised by Hogg et al as a collection of histological features of chronic inflammation in airways with an internal diameter of less than 2 mm, was considered to be responsible for airflow obstruction in cigarette smokers.' Since then several studies have confirmed the susceptibility of smokers to develop morphological bronchiolar lesions leading to lung function abnormalities.2" Pulmonary emphysema is characterised by abnormal, permanent enlargement of airspaces distal to the terminal bronchiole, accompanied by destruction of their walls and without obvious fibrosis.5 It is beyond doubt that cigarette smoking is important in the pathogenesis of this condition as well. 6 As features of small airways disease and emphysema are often present in the same lung, possibly both diseases not only have a common aetiologic factor but are causally linked. The possibility that small airway inflammation may lead to emphysema was put forward 30 years ago by Leopold and Gough7 and later by Anderson and Foraker.8 The inflammatory process in the airways could lead to a weakening of surrounding alveolar walls, or it could be responsible for an imbalance between proteinases and their inhibitors, which it is thought will induce emphysema.9 Recent studies on destructive lesions of alveolar attachments on bronchioles suggest that indeed this might happen.' 11 '5 found minimal differences in small airway disease and no differences in FEV1 or closing capacity between normal and mild emphysematous lungs. The precise relation between small airways disease and the development of emphysema remains to be determined. '6 The purpose of our study was to look for evidence for a causal relation between small airways disease and emphysema by performing microscopic measurements for these two pathological conditions in surgical lung specimens. A microscopic point counting technique was used in six sections ofeach lobectomy specimen and in four sections of both upper and lower lobes of the pneumectomy specimens to obtain the percentage of airspaces that were destroyed-that is, the destructive index or DI. "9 This was done using a x 10 objective and a x 8 eyepiece containing a counting grid. Each airspace, coinciding with a crossing point of the grid, was assessed, and defined as being destroyed when it met one of the following criteria: (1) Two or more breaks in the alveolar wall; (2) two or more parenchymal rags in the lumen of alveolar ducts; (3) clearly abnormal morphology; (4) classic emphysematous change.'9 About 500 points were evaluated in each tissue section.
The mean linear intercept (Lm) was measured in tissue sections according to the method of Dunnill.20 Dimensions were corrected for tissue shrinkage after fixation;2' the linear shrinkage factor was found to be 0-81. All measurements were performed by the same observer. Intraobserver agreement, expressed as the correlation between two readings of tissue sections, ranged from 0-78 to 0 99 for bronchiolar measurements and from 0 62 to 0 88 for parenchymal measurements.
STATISTICAL ANALYSIS
Data on bronchioles and parenchyma in all the tissue sections were averaged. The mean data for each subject were computed from the average tissue section data. The association between two variables was evaluated by use of the Spearman rank correlation coefficient (r,).
Differences between upper and lower lobes regarding bronchiolar and parenchymal variables were evaluated by a two sample t test. Data from the lower lobes from the six pneumonectomy cases were added to those from the eight lower lobectomy cases. These 14 lower lobes were compared with the specimens from the 12 upper lobectomy cases.
Multiple regression analyses on the basis of all 27 cases were performed to assess whether correlations between bronchiolar and parenchymal variables would still be significant when age and smoking history were included in the calculations.
Results
The age of the subjects, the resected areas, and the morphometric data are presented in by comparing the data of the upper and lower lobes. There were significantly fewer alveolar attachments as well as a tendency to a greater degree of small airways disease in the upper lobe than in the lower lobe. This suggests that the same regions of the lung are vulnerable to small airway inflammation and disruption of peribronchiolar alveolar walls. To some extent this supports a causal association.
Age and cigarette smoking may affect these relationships, as both are linked with small airway and parenchymal disease.36 When smoking pack years and age were included as independent variables in a multiple regression analysis the SAD score of membranous and respiratory bronchioles and wall thickness were still correlated inversely with total AA/mm (table 4). Thus the association between small airway inflammation and peribronchiolar destruction of parenchyma is most probably not just an epiphenomenon as the two main factors in this respect, age and smoking, did not confound the association. In our view this provides even stronger support for a causal association between small airways disease and centrilobular emphysema.
As smoking is an important aetiological agent in the pathogenesis of small airways disease and emphysema, it is remarkable that lung tissue from non-smokers had SAD scores and destructive indices of up to 3Oo%. Two points, however, should be made. Firstly, the pathological features of inflammation in air- For abbreviations see table 1 . ways and airspaces, as assessed by our morphometric techniques, are not specific for sequelae of cigarette smoking and may be induced by any noxious airborne irritation, such as industrial and traffic pollutants, allergens, respiratory infections, and-last but probably not least-passive smoking. Secondly, the morphometric techniques we used are not specific or diagnostic: they are a tool to quantify a pathological process in a way that is as unbiased and objective as possible for comparative and statistical purposes. Certainly these techniques have their limitations, and will measure abnormality in lung tissue that appears healthy to the experienced pathologist. So far, three studies have compared the severity of small airways disease in the upper and lower lobes, obtaining three different results."'4 Perhaps there is indeed a topographical association between small airways disease and emphysema but in lungs with severe emphysema this association is disturbed: the most diseased bronchioles in the most emphysematous areas may have become fibrotic without other pathological features and may therefore have a low pathological score.
Alternatively, these bronchioles may have disappeared in the emphysematous lesion. The resected lung specimens in our study came from individuals who were able to undergo thoracic surgery, and they are likely therefore to have had relatively mild disease. Loss of alveolar attachments may represent an early stage of emphysema, and accordingly we may have been able to find more destruction of these structures as well as a tendency to more severe small airways disease in the upper lobe, while upper and lower lobes were still similar in regard to the destructive index and linear intercept. Differences in the range of disease severity between the relatively small groups of patients in the different studies may at least partly explain the differences in the results. 30 Perhaps antileucoprotease is produced in increased amounts in response to both small airway inflammation and peribronchiolar parenchymal destruction, and these two conditions are causally related features of the same process.
AI
In conclusion, in 27 surgically removed lungs and lobes we have shown a relation between loss of alveolar attachments and inflammatory changes in membranous and respiratory bronchioles that is not dependent on age or smoking habit. In our view these findings suggest that small airways disease is directly concerned in the causation of centrilobular emphysema.
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